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esponsibility of InstAbstract Glycyrrhiza uralensis is considered to be one of the most important herbs in traditional
Chinese medicine due to its numerous pharmacological effects particularly its ability to relieve cough and
act as a mucolytic. Based on previous research, these effects are mediated by a number of active
ingredients, especially glycyrrhizic acid (GA). In the present study, a gene encoding β-amyrin synthase
(β-AS) involved in GA biosynthesis in G. uralensis has been cloned and expressed in Saccharomyces
cerevisiae. The cloned enzyme showed similar activity to native enzymes isolated from other Glycyrrhiza
species to catalyze the conversion of 2,3-oxidosqualene into β-amyrin. In fact the β-AS gene is
particularly important in the GA biosynthetic pathway in G. uralensis. The complete sequence of the
enzyme was determined and a phylogenetic tree based on the β-AS gene of G. uralensis and 20 other
species was created. This showed that Glycyrrhiza glabra had the closest kinship with G. uralensis. The
results of this work will be useful in determining how to improve the efﬁcacy of G. uralensis by
improving its GA content and in exploring the biosynthesis of GA in vitro.
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Table 1 Primer sequences used in the cloning of β-AS DNA
from G. uralensis.
Primer Sequence (5′–3′)
BFF AAGATAGCGGAAGGAGGG
BFR GGAAGCGGTTGTTATAGAAAT
BMF ATAACAACCGCTTCCAGG
BMR TGTGCAGCCCTTCTCACC
BLF AGGGCTGCACATCACCTA
BLR CCACCCTCCATCTTCATT
F1 ACATTACAGGACATCTTGATTCGG
R1 GAGTCAGAAGTGGCTCAGTGAATAA
F2 GCTAAAATGTGGTGTTATTGCCGAT
R2 TGGAGGCAACATTGATAAAAGTAG
F3 CAGGTTAGGGACAACCCTTCAGGA
R3 TGCGAACCAAGAACCGTAAGTGA
F4 ACTGGATCAGCAATTCAGGCACT
R4 AACTGGAGTGGAAGGCAATGGAA
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Glycyrrhiza uralensis is widely used in traditional Chinese
medicine (TCM) and plays an important role in the food industry.
According to the theory of TCM, G. uralensis can nourish qi,
alleviate pain, tonify the spleen and stomach, eliminate phlegm,
relieve cough and clear heat1. The reason for this multiplicity of
pharmacological effects can be traced to the presence of a number
of active ingredients and particularly to glycyrrhizic acid (GA)2. In
recent studies, researchers have conﬁrmed the antiinﬂammatory
and antitumor effects of GA as well as its ability to enhance the
immune system3,4.
In recent years, the biosynthetic pathway of GA has been
clariﬁed and shown to involve β-amyrin synthase (β-AS) as a key
enzyme. It is situated at a branch point in the biosynthetic pathway
where it catalyzes the conversion of 2,3-oxidosqualene into β-
amyrin, leading eventually to the formation of GA5. At present,
cDNA of β-AS has been obtained from about 20 species of plants
including Glycyrrhiza glabra6, Pisum sativum7, Betula platy-
phylla8, Panax ginseng9, Arabidopsis thaliana10, Euphorbia
tirucalli11 and Nigella sativa12. The present work describes the
cloning and biochemical characterization of the β-AS gene from an
unreported source namely G. uralensis. It is hoped the study will
lead to a better understanding of the molecular mechanisms
involved in the biosynthesis of GA.2. Materials and methods
2.1. Molecular cloning of β-AS DNA from G. uralensis
The leaves and roots of G. uralensis were collected from the herb
garden at the Beijing University of Chinese Medicine, Beijing,
China. Samples were immersed in liquid nitrogen after collection
and subsequently identiﬁed by Professor Chunsheng Liu (Beijing
University of Chinese Medicine, Beijing, China). Total DNA was
extracted from approximately 100 mg fresh leaves using a DNA
extraction kit (Beijing Biomed Co., Ltd.) as instructed by the
manufacturer. Final DNA concentration was determined by
spectrophotometry and its integrity was examined by electrophor-
esis in 1% (w/v) agarose gel.
Based on β-AS gene sequences of the DNA from several
Leguminous plants recorded in Genbank (AB037203, NM_
001249662, AB181244, XM_003604073 and AB034802), the
conserved regions of β-AS were determined and 7 pairs of primers
were designed to amplify the G. uralensis β-AS DNA (Table 1).
The cycling parameters of the different primer pairs are shown in
Table 2. All fragments ampliﬁed were sequenced and spliced
together to determine the complete β-AS DNA of G. uralensis.
2.2. Bioinformatic analysis of the β-AS gene in G. uralensis
The complete β-AS gene was aligned using BLAST on the website
NCBI. ORF Finder was used to search for the open reading frame.
Protparam (http://web.expasy.org/protparam) was used to determine
the amino acid sequence, molecular weight, isoelectric point and
other physicochemical properties of the protein encoded by the β-AS
gene. DNASTAR was used to predict the secondary structure and
hydrophilic character of the β-AS protein and TMHMM Server v.2.0
(http://genome.cbs.dtu.dk/services/TMHMM/) was used to predict the
transmembrane segments in the protein. Signal P program (http://
genome.cbs.dtu.dk/services/SignalP/) was used to analyze the signalpeptide sequence in the N-terminal region and ProtFun (http://www.
cbs.dtu.dk/services/ProtFun/) was used to analyze and predict the
function of the β-AS protein.2.3. Molecular cloning of β-AS cDNA from G. uralensis
Total RNA of G. uralensis was extracted from approximately 1 g
fresh root tissue using the Trizol reagent (Beijing MeiLaiBo
Medical Technology Co., Ltd.) as indicated by the manufacturer.
The ﬁnal RNA concentration was determined by spectrophoto-
metry and its integrity was examined by electrophoresis in 1%
(w/v) agarose gel.
Single-strand cDNA was synthesized from 1 mg total RNA
using the primers oligo (dT) and reverse transcriptase M-MLV
(Takara) in 10 mL reactions as instructed by the manufacturer.
Based on the Glycyrrhiza glabra β-AS cDNA recorded in
Genbank (AB037203.1), the primer pair PCf—ATAGTT
CAAAAGTTCAGCACCG and PCr—GGTCCTTGATTGATA
GATGGCT were designed using the conserved regions. The
PCR procedure was as follows: 94 1C for 5 min; 94 1C for 45 s,
annealing at 58 1C for 1 min and extension at 72 1C for 3 min
(35 cycles); and a ﬁnal extension at 72 1C for 10 min.
The β-AS cDNA was obtained and sequenced. The open
reading frame (ORF) was determined by ORF ﬁnder of NCBI.
The amino acid sequence deduced from the β-AS cDNA sequence
was aligned using software ClustalX and MEGA version 5.0
software. Finally a molecular phylogenetic tree was constructed.2.4. Heterologous expression of β-AS cDNA from G. uralensis
in Saccharomyces cerevisiae
G. uralensis β-AS ORF was ampliﬁed using the primer pair Pf –
ATTGCGGCCGCATGTGGAGGCTGAAGATAGCG (Not I) and
Pr– TCCCCGCGGTTAAGCTGGAGTGGAAGGCAA (Sac II)
incorporating the restriction enzyme cutting sites (Not I and Sac
II) underlined. The PCR procedure was as follows: 94 1C for
5 min; 94 1C for 45 s, annealing at 60 1C for 1 min and extension
at 72 1C for 3 min (35 cycles); and a ﬁnal extension at 72 1C for
10 min. The ampliﬁed fragments were subcloned into pMD19-T
(Takara, Japan), digested with Not I and Sac II (5–6 h at 37 1C)
and the fragments ligated into the cloning site of Not I–Sac II
H. Chen et al.418digested PY26 plasmid. The resulting recombinant PY–β-AS
plasmid was transferred into disarmed E. coli DH5α and
sequenced to check for correct insertion. The PY–β-AS plasmid
was then used to transform the disarmed S. cerevisiae. Individual
correct colonies were transferred to 100 mL SC-U liquid medium
(2% glucose) and cultured overnight at 30 1C and 200 rpm. After
centrifugation, the thallus was collected, washed with 5 mL SC-U
liquid medium (2% galactose), transferred to 100 mL SC-U liquid
medium (2% galactose) and cultured overnight at 30 1C and
200 rpm. Both supernatant and pellet were examined by SDS-
PAGE (10% resolving gel, 5% stacking gel) using Coomassie
brilliant blue staining. Negative controls used comparable prepara-
tions possessing a void vector.
To purify the proteins, the recombinant S. cerevisiae containing
PY–β-AS was collected by centrifugation, re-suspended in PBS
after inducing, and subjected to three freeze–thaw cycles using
liquid nitrogen. The target protein was then released from the cells
by sonication (8 15 s at a voltage of 100–300 V with 10 s
intervals). After centrifugation at 10,000 rpm for 20 min at 4 1C,
the supernatant was puriﬁed by passing through a Ni2þ–NTA
column using wash buffer to elute protein impurities and elution
buffer to elute the target protein with 6-His.Table 2 Cycling parameters of different primer pairs used in the clo
Primer pair Temp. (1C) Time Recycle
BFF, BFR 94 5 min
BMF, BMR 94 45 s
9>=
>;BLF, BLR 55 45 s 3572 1 min
72 10 min
F1, R1 94 5 min
94 50 s
9>=
>;56 50 s 3572 50 s
72 10 min
Figure 1 PCR analysis of the fragments ampliﬁed by the designed primer
and R2, (3) F3 and R3 and (4) F4 and R4. B: Fragments ampliﬁed by t
and BLR.2.5. Functional veriﬁcation of β-AS cDNA from G. uralensis
Because normal S. cerevisiae does not contain a β-AS gene, the
product of the gene, β-amyrin, can be detected to check the
functionality of the recombinant PY-β-AS plasmid.
A qualitative investigation of β-amyrin was ﬁrst performed by
TLC using toluene/acetone (19:1) as mobile phase and a sulfuric
acid solution of vanillic aldehyde as the developing agent. Normal
hexane (100 mL) was used to extract the product of recombinant S.
cerevisiae and GC–MS (Trace GC and Trace DSQ) was used to
further analyze the β-amyrin. Chromatography was performed on a
DB5-MS column (Agilent, 30 m 0.25 mm 0.25 μm) with an
inlet temperature of 260 1C and a temperature program as follows:
80 1C for 1 min; 80–280 1C at 10 1C/min; 280 1C for 10 min; 280–
300 1C at 20 1C/min; and 300 1C for 5 min. The injection volume
was 1 mL and the carrier gas was high purity helium at a ﬂow
rate of 1 mL/min. The split sampling injection mode was used
with a split ratio of 10:1. Mass spectroscopy involved electron
ionization with the following parameters: GC–MS interface
temperature 300 1C; ion source temperature 300 1C; ionization
voltage 70 eV. Structures producing peaks were searched using
NIST 2.01.ning of β-AS DNA from G. uralensis.
Primer pair Temp. (1C) Time Recycle
F2, R2 94 5 min
94 50 s
9>=
>;58 50 s 3572 50 s
72 10 min
F3, R3 94 5 min
F4, R4 94 50 s
9>=
>;62 50 s 3572 50 s
72 10 min
pairs. A: Fragments ampliﬁed by the primer pairs (1) F1 and R1, (2) F2
he primer pairs (1) BFF and BFR, (2) BMF and BMR and (3) BLF
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3.1. Molecular cloning of β-AS DNA from G. uralensis
The seven pairs of primers listed in Table 1 were used to obtain 7
fragments with different lengths (Fig. 1) all of which were
sequenced. After BLAST analysis in NCBI, the fragments were
determined to be partial fragments of the β-AS gene from G.
uralensis. These fragments were proofread and spliced together to
give a 4109 bp full-length DNA sequence of the β-AS gene from
G. uralensis (Table 2).Figure 4 Prediction and analysis of transmembrane segments of
β-AS protein in G. uralensis.3.2. Bioinformatic analysis of the β-AS gene in G. uralensis
3.2.1. Physicochemical properties of the β-AS protein
Using Protparam, the molecular formula of the protein was
predicted to be C3951H5973N1045O1100S41 with a relative molecular
mass of 87.03 kD and an isoelectric point of 6.19. Theoretically,
the half-life period was 30 h and the instability parameter 47.08
indicating β-AS protein is an unstable protein (stable proteins have
instability parametero40). This may be because the β-AS protein
is immature and requires processing after translation to become aFigure 3 Prediction and analysis of the seconda
Figure 2 Prediction and analysis of the hydroplilic/hydrophobic
character of the β-AS protein in G. uralensis.stable protein. The relative content of amino acids was highest for
leucine (Leu) (74, 9.7%) followed by alanine (Ala) (58, 7.6%) and
glycine (Gly) (57, 7.5%). The relative content of cysteine (Cys)
was the lowest (20, 2.6%) preceded by methionine (Met) (21,ry structure of β-AS protein in G. uralensis.
Figure 5 Prediction and analysis of signal peptides of the β-AS
protein in G. uralensis.
Table 3 The complete DNA sequence of the β-AS gene from G. uralensis.
Complete DNA sequence of β-AS gene from G. uralensisn
ATGTGGAGGCTGAAGATAGCGGAAGGAGGGAAGGACCCATACATATACAGCACAAACAACTTCGTGGGGAGGCAGACATGGGAGTATGATCCCGATGGTGGGAGTGCCGAGG
AGAGAGCTCAGGTTGATGCCGCTCGTCTCCATTTCTATAACAACCGCTTCCAGGTCAAGCCCTGTGGCGACCTCCTTTGGCGTTTTCAGATTCTGAGAGAAAATAACTTCAAACA
AACAATAGCTAGCGTGAAGATAGGAGATGGAGAGGAAATAACATACGAAAAGGCGACAACGGCGGTGAGAAGGGCTGCACATCACCTATCCGCATTGCAGACCAGCGATGGC
CATTGGCCTGCTCAAATTGCAGGTCCTCTGTTTTTCCTTCCCCCCTTGGTTTTTTGTATGTACATTACAGGACATCTTGATTCGGTATTCCCAGAAGAGTATCGCAAAAGAAACAT
AATTTCTCTCGTGAGATTCTTCGTTACATATACTATCACCAGGTATAGTACTTATTCAATTTCAAGACACAGTTACCCATTTGAGCATGATGCAGAAAAATAGAATT
GTAATTTTCCTTAACTAATTTGCTCATTTTGCTTAACCATGAAGTTTGTAATTGCTTAATTAATGCCAACTGTGAATGATTTTATAACATTCATGACCATGCTGCGGTTTCATTTGT
AGAATGAAGATGGAGGGTGGGGGCTACACATAGAGGGTCACAGCACCATGTTTTGTACTGCACTCAACTATATATGCATGCGAATTCTTGGAGAAGGGCCCGATGGGGGTCA
AGACAATGCTTGTGCTAGAGCAAGAAAGTGGATTCATGATCATGGTGGTGTAACACATATACCTTCATGGGGAAAAACTTGGCTTTCGGTAATCATCATTCTTTTTTACATAG
CAAAGTACAAATTCACATACTAGCGGTCACAGACAAGTATGTTTGTTCTTAATTATTTGAATTTGAATCCTGCACCTACAGATACTTGGTGTATTTGATTGGTGCGGAAGCAAC
CCAATGCCCCCTGAGTTTTGGATCCTGCCTTCATTTCTTCCTATGCATCCAGGTTGATTCATTAATTAATTAATTTTCTTATGTTAATTTATTTGGAAAAATAAATATATGTATTA
TTTTGAATTATTGAACTGATGAGAGTTTACTCTATCTCATTTTCTTCACCTTGATTAATTGCAGCTAAAATGTGGTGTTATTGCCGATTGGTATACATGCCTATGTCTTACTTGTA
TGGGAAAAGGTTTGTGGGTCCAATCACACCACTCATTCTACAGTTGAGAGAAGAACTCTTTACTGAACCTTATGAAAAAGTTAATTGGAAGAAAGCACGTCACCAATGTGCA
AAGGTGTGAGAGACATTGTCTTCACAATTAATGTGTGTATTTACTTACTTATCCTCTTTAATTAACATGGTCCATTCTATGTATGTATGACACAGGAAGATCTTTACTATCCCC
ATCCTTTGTTACAAGATCTGATATGGGATAGTTTATACTTATTCACTGAGCCACTTCTGACTCGTTGGCCTTTCAACAAGCTGGTTAGAGAAAAGGCCCTTCAAGTAACAATGA
AGCATATCCACTATGAAGATGAGACTAGTCGATACATAACCATTGGGTGTGTGGAAAAGGTAGGTGTCATATTCATAACAGTAATTAAGCATATCCATTATTTAGCCTATATA
TATATATATATATGCATCAACTGAAGTGAAATTAACTTTCATTTTTTCAGGTTTTATGTATGCTTGCTTGTTGGGTGGAAGATCCAAATGGAGATGCTTTCAAGAAGCATCTTGC
AAGGGTCCCGGATTACTTATGGGTTTCGGAAGATGGAATGACCATGCAGGTACTTCATCATATTTTAATACAAATACAAATTAATTAATAGCAATCATCATCATCACAATTAAT
ATTTTTTAATATTATTATCACAATAATTAACTACTAGGAAGGATATATTGATTGAATAATTCACCTGTTAATACAATGCAGAGTTTTGGTAGCCAAGAATGGGATGCTGGTTTT
GCCGTTCAAGCTTTGCTTGCCACTAACCTAGTCGAGGAAATTGCTCCCACACTTGCCAAAGGACATGATTTCATCAAGAAATCTCAGGTCTGCTCGATTTTAATGATAAGCAGT
ATATGACATAATCACAATTTATATATATTGACTTAACCAACTAAATGAAAACTGAAGTAAATGATTACTTACCAGCTAAATGCCTAGCTAACTTATATTATTTTAGTTAAGACA
CATTTATAATTGACTGCTAATTTAGTGTTCATCAGCTACCATTGAACAATACGTGAGCTAGCTTTATCTTGCAATAAATTAAAATTGATACTCTTATTTCACAGGTTAGGGACAA
CCCTTCAGGAGATTTTAAGAGCATGTATCGTCATATTTCTAAAGGCTCATGGACCTTCTCCGATCAAGACCATGGATGGCAAGTTTCTGATTGCACAGCAGAAGGTTTGAAGGT
AACTATATATATAGGTCATGAACAACTTAATTCGTGATATGATTTATACACAAATATATGTTAATCTAACTAAAATTCTCCCGTGTTTCAGTGTTGTCTACTTTTATCAATGTTG
CCTCCAGAGATTGTGGGGGAAAAGACGGAACCTGAAAGGTTATATGATTCAGTCAATGTCCTATTGTCGCTTCAGGCAAGTACTATTAAATTTATTGCCATAAGCTTTTTTAGTTA
AATACCAATACCAACCAACCTTTCTCCTTGCTGGCTGCTGCTTAATCTTTGATCATTGGTGTTTGATTTGTTTGTGCTACCTGATTTACAGCTTCAATTTTTTGTTATTGCAGAGTAA
AAAGGGTGGTTTATCAGCGTGGGAGCCAGCAGGAGCTCAAGAATGGTTAGAAGTAAGTACCAATGAATAATAATGCAATATGTAGCGTATTCATTAATTGATGAAAACCATTCAT
TCATTAGTTAATAAATAAACTTATAATTAAATATCTCTGTTGTTGATTTTCAGCTACTCAATCCCACGGAATTTTTTGCGGACATTGTAGTTGAGCATGAATACGTTGAGTGCACTG
GATCAGCAATTCAGGCACTAGTTCTGTTCAAGAAGCTATATCCAGGGCATAGGAAGAAAGAGATAGAGAATTTCATTGCCAATGCAGTTCGATTCCTTGAAGATACACAAACAG
CTGATGGTTCATGGTATGGAAATTGGGGAGTTTGCTTCACTTACGGTTCTTGGTTCGCACTTGGTGGTCTTGCAGCTGCTGGCAAGACTTTTGCCAATTGTGCTGCTATTCGCAA
AGCTGTTAAATTTCTTCTCACAACACAGAGAGAGGATGGTGGATGGGGGGAGAGCTATCTTTCAAGCCCAAAAAAGGTTCATATATAGATAATTGAATGATTGATTGATTGTT
ACTAATTAGTTACCAGTCAACTTCAACATGAATTGACAATAATGACGATGATGTCTTACTTACTAAATAATAATAATGACGCAGATATATGTACCTCTTGAAGGAAGTCGATC
AAATGTTGTACATACTGCATGGGCCCTTATGGGTTTAATTCATGCTGGCCAGGTATGCTTTTGTTGTGTGTGTGTGTGATTATATATAGATCCAATTCATCATAGATTAAAAGT
CAACATACTTATTTAATACTATAACTGCCAATTAATGAATCTTAAAGCAAGTGTTTTTTTTCTCCCTTCCCCCTTCTACTTCTTGTGTACAGGCAGAGAGAGACCCTGCTCCTCT
TCACCGAGCTGCAAAATTGATCATCAATTCCCAATTGGAAGAGGGTGATTGGCCCCAACAGGTTCAATCTCAATCCTTAATTTGATATTAATAATTAATAATAATAATAATAC
ACTTCTTATTTATGCTTAGCTCACAATAGCAAAGATTAATAATACAGCTCAATCTCGATCCTTAATTTGACTGTGTATTTCTCTATTTATTTATTGCACAGGAAATCACGGGAGT
ATTCATGAAAAATTGTATGCTGCATTACCCAATGTATAGAGATATTTATCCAATGTGGGCTCTAGCTGAGTATCGTAGACGGGTTCCATTGCCTTCCACTCCAGTTAATCTCT
nUnderlined parts: extrons; non-underlined parts: introns.
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Figure 6 Comparison of the deduced amino acid sequences of β-AS from G. uralensis with those of other species. Note the red boxes indicate
the highly conserved regions, the black areas where the amino acid sequences are the same, the pink areas where they are475% similar, the blue
areas where they are 50–75% similar and the white areas where they are o30% similar.
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H. Chen et al.4222.8%) and asparagine (Asn) (24, 3.1%). There were 78 positively
charged residues and 89 negatively charged residues in the β-AS
protein. The average hydrophilicity was 0.290 suggesting the
protein is hydrophilic. This may be related to the large content of
Leu and Ala. The aliphatic index of the protein was 79.27.3.2.2. Hydrophilic/hydrophobic character of the β-AS protein
Using ProtScale (Fig. 2), the lowest (2.656) and highest (2.644)
scores appeared at the 719th site (Trp) and 378th site (Leu) of the
polypeptide chain, indicating the sites of strongest and weakest
hydrophilicity respectively. The hydrophilic region was signiﬁ-
cantly larger than the hydrophobic region indicating that the
polypeptide chain is predominantly hydrophilic.3.2.3. Secondary structure of the β-AS protein
Using DNASTAR, the secondary structure of β-AS protein was
found to be dominated by α-helices and β-turns (Fig. 3). Based on
hydrophilicity analysis using Kyte–Doolittle and membrane sur-
face analysis using Emini, β-AS protein is a hydrophilic protein
consistent with the predictions of the hydrophilic/hydrophobic
balance and is mainly located on the surface of membranes.3.2.4. Transmembrane segments of the β-AS protein
As shown in Fig. 4, the entire β-AS protein lies outside the cell
membrane indicating there are no transmembrane domains in the
β-AS protein.Figure 8 SDS-PAGE analysis of the β-AS protein expressed by β-AS
cDNA from G. uralensis in S. cerevisiae. The areas circled in red are the
target proteins.3.2.5. Signal peptide sequence of the β-AS protein
Fig. 5 indicates there may be no signal peptide in the protein. All
the scores represented in the SignalP output (close to the negative
target value of 0.1) indicate that β-AS is a non-secretory protein.
Combining the results of transmembrane segment analysis, it
appears the β-AS protein is directly anchored in speciﬁc parts of
the cytoplasmic matrix and plays a catalytic function without
transportation after synthesis.Figure 7 Phylogenetic tree showing the relationship between β-AS
from G. uralensis and from some other species retrieved from the
Genbank.3.2.6. Functionality of the β-AS protein
According to ProtFun, the main functions of the β-AS protein are
central intermediary metabolism and acting as a ligase. These
predictions are consistent with previous research indicating β-AS
is a key enzyme in the GA biosynthetic pathway where it cyclizes
2,3-oxidosqualene to form β-amyrin13.3.3. Molecular cloning of the β-AS cDNA from G. uralensis
Using the primer pair, PCf and PCr, a 2289 bp fragment was ampliﬁed
and after BLAST analysis in NCBI, the fragment was determined
to have the β-AS cDNA sequence from G. uralensis (FJ627179).
By comparison with the β-AS DNA sequence from G. uralensis,
15 extrons (the underlined parts in Table 3) and 14 introns
(the non-underlined parts in Table 3) in β-AS DNA were determined.Figure 9 TLC analysis of the hexane extract of the product of
recombinant S. cerevisiae containing the β-AS gene. 1 standard
β-amyrin; 2 and 3 the recombinant PY–β-AS plasmid; and 4 the
PY26 plasmid.
Cloning and characterization of the gene encoding β-amyrin synthase 4233.4. Comparison of β-AS proteins from G. uralensis and other
species
The analysis of the amino acid sequence of β-AS from G. uralensis
and other species (Fig. 6) revealed that the plant with the most
closely related β-AS sequence to G. uralensis is G. glabra with a
99% similarity. The similarities (%) of the β-AS sequences from
other species were as follows: P. sativum 90%; Medicago truncatula
Glycine max 90%; Polygala tenuifolia 89%; B. platyphylla 86%;
Bruguiera gymnorhiza 84%; Aralia elata 82%; P. ginseng 81%;
Vaccaria hispanica 81%; and E. tirucalli 80%. In Fig. 6, the highly
conserved regions (in red) include a MWCYCR motif, a FIKKSQ
motif, a DCTAE and four QW motifs. Fig. 6 shows that crucial
motifs of β-AS are well conserved in these plants.
The phylogenetic tree generated by aligning the publicly
available β-AS sequences is shown in Fig. 7. It reveals that all
the β-AS sequences from the same family are gathered together in
the same branch consistent with the results of classical taxonomy.
The phylogenetic tree shows that all the β-AS proteins come from
the same ancestor and possess similar function.
3.5. Heterologous expression of β-AS cDNA from G. uralensis
in S. cerevisiae
SDS-PAGE analysis demonstrated the presence of the target
protein and its absence in cultures of S. cerevisiae carrying a void
vector (Fig. 8).Figure 10 GC–MS analysis of β-amyrin produced by recombinant S
standard β-amyrin; (B) total ion chromatogram of the extract of recombin
control; (D) mass spectrum of standard β-amyrin; (E) mass spectrum of3.6. Functionality veriﬁcation of β-AS cDNA from G. uralensis
TLC analysis demonstrated that a new metabolite was produced in
recombinant S. cerevisiae containing the β-AS gene which was not
present in the negative control (Fig. 9). GC–MS analysis revealed
a peak characteristic of β-amyrin (retention time: 32.9 min) in
recombinant S. cerevisiae but absent in the negative control
(Fig. 10). In the mass spectrum of this peak, characteristic
fragments of β-amyrin at m/z: 203, 218 and 426 were present.
These results indicate that the β-AS gene contained in the
recombinant S. cerevisiae produces a protein which catalyzes the
conversion of 2,3-oxidosqualene to β-amyrin.4. Conclusions
In this study, we obtained the complete DNA sequence encoding
β-AS involved in glycyrrhizic acid biosynthesis in G. uralensis.
According to prediction analysis, the secondary structure of the
β-AS protein was mainly made up of α-helices and β-turns.
In addition, it was a hydrophilic and non-secretory protein
indicating it may play a catalytic role directly after synthesis in
the cell matrix. GC–MS analysis demonstrated that a new
metabolite was produced in recombinant S. cerevisiae but not in
the negative control carrying an empty vector. This was shown to
be β-amyrin indicating that the expression product of the G.
uralensis β-AS gene was functional. Comparison of the amino acid. cerevisiae containing the β-AS gene. (A) total ion chromatogram of
ant S. cerevisiae; (C) total ion chromatogram of the extract of the negative
the extract of recombinant S. cerevisiae.
H. Chen et al.424sequences of β-AS from G. uralensis and other species showed
that the functional domains in different β-AS amino acid
sequences were similar to each other. The polypeptide sites present
in all β-AS sequences necessary for the activity of the β-AS
family14–16 are also present in the amino acid sequence of G.
uralensis β-AS. At the present time, β-AS genes has been cloned
in G. glabra, B. platyphylla, P. ginseng and many other species
and all play an important role in the biosynthetic pathway of
terpenoids17. The analysis of the phylogenetic tree of G. uralensis
and 20 other species demonstrates that β-AS genes from the same
family are clustered in the same branch suggesting they have
similar functions in these species. These results are an important
step towards improving the efﬁcacy of G. uralensis by increasing
its glycyrrhizic acid content and exploring the biosynthesis of
glycyrrhizic acid in vitro.
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